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Priority Information j 
[0001] The present application is based upon, and claims priority to Japanese 
Patent Application No. 2002-352656, filed December 4, 2002, the entire' contents of 
which is hereby expressly incorporated by reference. 

Background of the Invention 

Field of the Invention 

[0002] The present invention relates to an operation control device for a 
watercraft. 

Description of the Related Art 

[0003] Personal watercraft have become very popular in recent years. This 
type of watercraft is quite sporting in nature and carries a rider and possibly one or more 
passengers. A relatively small hull of the watercraft commonly defines a rider's area 
above an engine compartment. An internal combustion engine is used to power a jet 
propulsion unit that propels the watercraft. A throttle valve in the current engine controls 
the amount of air that enters the engine and therefore determines the amount engine 
torque requested by the operator. The engine lies within the engine compartment in front 
of a tunnel formed on the underside of the watercraft hull. The jet propulsion unit is 
located within the tunnel and is driven by an output shaft of the engine. An impeller shaft 
coupled to the jet propulsion unit extends forward, through a wall of the hull tunnel, and 
is coupled to the engine output shaft. In this manner, the engine drives the jet propulsion 
unit. 

[0004] The jet propulsion unit conventionally includes an impeller housing in 
which an impeller is contained. The impeller, which is driven by the engine through the 
impeller shaft, draws water through a water inlet and forces it through a discharge nozzle 
to propel the watercraft. A steering nozzle is mounted on the discharge nozzle for pivotal 
movement about a vertical axis. Pivotal movement of the steering nozzle about the 
vertical steering axis alters a discharge direction of the water jet to steer the watercraft. 

[0005] Many personal watercraft also include a water reverse thrust deflector 
or "reverse bucket" for redirecting the jet generally forwardly, thereby producing a reverse 
thrust. The reverse thrust deflector is usually supported about the end of the jet 
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propulsion unit to move pivot between a raised position, in which the deflector does not 
affect the water jet issuing from the steering nozzle, and a fully lowered position, in which 
the deflector cooperates with the steering nozzle and redirects water issuing from . the jet 
propulsion unit forwardly to achieve the reverse thrust. 

[0006] The position of the reverse thrust deflector is usually controlled 
through an actuator accessible by the operator of the watercraft. A control arrangement 
couples the reverse thrust deflector for movement with the actuator. Common control 
arrangements include a mechanical cable, or bowden-wire, or an electronic arrangement. 

Summary of the Invention 

[0007] In accordance with one aspect of the invention, a watercraft comprises 
a hull and an engine supported by the hull. The engine drives a jet propulsion unit and the 
jet propulsion unit comprises a steering nozzle configured to direct a jet of water exiting 
the jet propulsion unit. A water diverter bucket is disposed near the steering nozzle and is 
movable between an opened position, a partially opened position, and a closed position at 
which the water diverter bucket at least partially redirects the jet of water. A control 
assembly is coupled to the water diverter bucket to move the water diverter bucket 
between the opened, partially opened, and closed positions. The control assembly 
includes an actuator, an operation cable and a switch. The cable has a first end and a 
second end, the first end being coupled to the actuator and the second end being coupled 
to the water diverter bucket such that movement of the actuator moves the first end of the 
operation cable. Movement of the first end of the operation cable in turn moves the 
second end of the operation cable, thereby moving the water diverter bucket assembly 
toward one of the opened, partially opened, and closed positions. The switch of the 
control assembly is arranged to detect whether the water diverter bucket is in the partially 
opened position and communicates with the engine such that the engine is allowed to start 
only when the water diverter bucket is in the partially opened position. 

[0008] In accordance with a further aspect of the invention, the steering nozzle 
of the watercraft defines at least two effluent openings. The water diverter bucket is 
arranged to close one of the effluent openings when in the closed position. 

[0009] In accordance with another aspect of the invention, a watercraft 
comprises a hull and an engine. The engine is supported by the hull and includes at least 
one throttle. A jet propulsion unit is driven by the engine. The jet propulsion unit 
comprises a steering nozzle configured to direct a jet of water exiting the jet propulsion 



unit. A throttle actuator mechanism is coupled with the throttle, and a control lever 
cooperates with the throttle actuator mechanism. The control lever is selectively 
positional in at least a first or a second position. The first position of the control lever is 
arranged such that the throttle actuator mechanism rests in a first position and the second 
position of the control lever is arranged such that the throttle actuator mechanism rests in 
a second position. The throttle has a first position when the throttle actuator mechanism 
rests in its first position and has a second position when the throttle actuator mechanism 
rests in the second position. The second throttle position provides a larger opening degree 
than the first throttle position. 

[0010] A further aspect of the invention includes a method of controlling an 
engine speed of a marine engine that powers a propulsion unit of a watercraft. The 
method comprises selecting between a first throttle resting position and a second throttle 
resting position depending upon a desired operational mode of the watercraft. The second 
throttle resting position causes the engine to power the propulsion unit by an amount 
sufficient to assist steering of the watercraft when decelerating from at least a planing 
speed. 

[0011] Yet another aspect of the invention includes a method of controlling an 
engine of a watercraft. The watercraft includes a jet propulsion unit and a water diverter 
bucket disposed behind the jet propulsion unit. The method comprises determining 
whether the diverter bucket lies in a neutral position and prevents the engine from being 
started if the diverter bucket is not in the neutral position. 

[0012] In accordance with an additional aspect of the invention disclosed 
herein, a watercraft comprises a hull. The hull supports an engine and the engine 
comprises a throttle. The watercraft further comprises a means for selecting between at 
least a first and second resting position for the throttle. The second resting position 
provides a larger opening degree than the first throttle position. A throttle actuator 
mechanism is coupled to the throttle to move the throttle from either the first or second 
resting positions toward a wide open position. 

[0013] An additional aspect of the present invention involves a method of 
control an engine speed of a marine engine that powers a propulsion unit of a watercraft. 
The method comprises selecting between a high idle speed and a low idle speed 
depending upon the particular environment in which the watercraft is operated, and 
adjusting the engine idle speed in accordance with the selection. Such selection can be 



done either manually or automatically and the mechanism to accomplish the adjustment to 
engine idle speed can work together with or apart from a primarily throttle actuator 
mechanism. 

[0014] For purposes of summarizing the invention, certain aspects, advantages 
and novel features of the invention have been described herein above. Of course, it is to 
be understood that not necessarily all advantages disclosed or taught herein may be 
achieved in accordance with any particular embodiment of the invention. Thus, the 
invention may be embodied or carried out in a manner that achieves or optimizes one 
advantage or group of advantages as disclosed or taught herein without necessarily 
achieving other advantages as may be disclosed, taught or suggested herein. 

Brief Description of the Drawings 

[0015] The above-mentioned and other features of the invention will now be 
described with reference to the drawings of the embodiments of the present operational 
control device in the context of a personal watercraft. The illustrated embodiments of the 
operation control device are intended to illustrate, but not to limit, the invention. The 
drawings contain the following figures 1-6. 

[0016] Figure 1 is a side elevational and partial cut-away view of a small 
watercraft, having a jet propulsion unit including a reverse thrust system configured in 
accordance with an embodiment of the present invention, and shows several internal 
components of the watercraft, including a jet propulsion unit and engine. 

[0017] Figure 2 is a schematic illustration of the operational control device 
that includes a control lever, a housing comprising a locking position mechanism for the 
control lever, a throttle actuator mechanism, and a throttle valve. 

[0018] Figure 2a is side view of the housing illustrating the locking position 
mechanism for the control lever. 

[0019] Figure 3 is a partial schematic view of a control system of the reverse 
thrust system that is operable to move a water diverter bucket assembly between an upper 
position, a middle position, and a lower position. The control assembly includes a control 
handle mechanism. 

[0020] Figure 4a is a view of the reverse thrust system in an upper position 
such that the jet propulsion unit discharges water in a rearward direction to propel the 
watercraft forward. 



[0021] Figure 4b is a view of the reverse thrust arrangement in a middle or 
neutral position such that the jet propulsion unit discharges water simultaneously in a 
rearward direction and in a forward direction, thereby allowing the watercraft to remain 
generally in a stationary position. 

[0022] Figure 4c is a view of the reverse thrust arrangement in a lower 
position such that the jet propulsion unit discharges water in a forward direction to propel 
the watercraft rearward. 

[0023] Figure 5 is a block diagram showing a control routine arranged and 
configured in accordance with certain features, aspects, and advantages of the present 
invention. 

[0024] Figure 6 is a block diagram showing another control routine arranged 
and configured in accordance with certain features, aspects, and advantages of the present 
invention. 

Detailed Description of the Embodiments 

[0025] Figure 1 illustrates a personal watercraft 30 that includes a throttle 
operation control device 40 (Figure 2) and a reverse thrust arrangement 52 (Figure 3) 
configured in accordance with an embodiment of the present invention. Although the 
present throttle operation control device 40 and reverse thrust arrangement 52 are 
illustrated in connection with a personal watercraft, the throttle operation control device 
40 and the reverse thrust arrangement 52 can be used with other types of watercraft as 
well, such as, for example, but without limitation, small jet boats and the like. Initially, 
an exemplary personal watercraft 30 is described below in general detail to assist the 
reader's understanding of the environment of use and the operation of the throttle 
operation control device 40 and the reverse thrust arrangement 52. 

[0026] With reference to Figure 1, the small watercraft 30 includes a hull 54 
formed by a lower hull section 56 in an upper deck section 58. The hull sections 56, 58 
are formed from a suitable material such as, for example, a molded fiberglass reinforced 
resin or sheet molding compound. The lower hull section 56 and the upper deck section 
58 are affixed to each other around the peripheral edges 60 in a convenient manner. 

[0027] As viewed in the direction from the bow to the stem of the watercraft 
30, the upper deck section 58 includes a bow portion 62, a control mast 64, and a rider's 
area 66. The control mast 64 extends upward from the bow portion 62 and supports a 
handlebar assembly 68. The handlebar 68 controls the steering of the watercraft 30. The 
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handlebar assembly 68 also carries a variety of controls of the watercraft 30, such as 5 for 
example, a throttle control, a start switch, and additional controls described in more detail 
below. 

[0028] The rider's area 66 lies behind the control mast 64 and includes a seat 
assembly 70. In the illustrated embodiment, the seat assembly 70 has a longitudinally 
extending straddle-type shape that may be straddled by an operator and by one or more 
passengers. A pair of foot areas (not shown) can extend generally longitudinally and 
parallel to the sides of the seat assembly 70. The lower hull portion 56 cooperates with 
the upper deck portion 58 to define an engine compartment 72 of the watercraft 30. The 
watercraft 30 can include air ducts (not shown). Except for the included air ducts, the 
engine compartment 72 is normally substantially sealed so as to enclose an engine of the 
watercraft 30 from the body of water in which in the watercraft is operated. 

[0029] The lower hull 56 is designed such that the watercraft 30 planes or 
rides on a minimum surface area at the aft end of the lower hull 56 in order to optimize 
the speed and handling of the watercraft 30 when up on plane. For this purpose, the lower 
hull section 56 generally has a V-shaped configuration formed by a pair of inclined 
sections that extend outwardly from a keel line of the hull to the hull's side walls at dead- 
rise angle. 

[0030] The inclined sections also extend longitudinally from the bow toward 
the transom of the lower hull 56. The side walls are generally flat and straight near the 
stern of the lower hull 56 and smoothly blend toward the longitudinal center of the 
watercraft 30 at the bow 62. The lines of intersection between each inclined section and 
the corresponding sidewall form the outer chines of the lower hull 56. 

[0031] Near the transom of the watercraft 30, the inclined sections of the 
lower hull 56 extend outwardly from a recessed channel, or tunnel 78, that extends 
upward toward the upper deck portion 58. The tunnel 78 has a generally parallelpiped 
shape and opens through the rear of the transom of the watercraft 30. 

[0032] An internal combustion engine 80 powers the watercraft 30. The 
engine 80 is positioned within the engine compartment 72 and is mounted in the 
illustrated embodiment generally beneath the control mast 64, although in other 
embodiments the engine can be mounted either fore or aft relative to the illustrated 
position. Vibration absorbing engine mounts can secure the engine 80 to the lower hull 
portion 56 in a known manner. For example, the engine mounts can be supported by a 



liner (not shown) disposed in the engine compartment 72. The engine 80 in the illustrated 
embodiment is mounted in approximately a central position of the watercraft 30. 

[0033] A fuel tank (not shown) is disposed within the engine compartment 7.2 
and stores fuel for the engine 80. The fuel tank can be positioned on a forward side of the 
engine 80. . 

[0034] A cylinder block and cylinder head assembly desirably form the 
cylinders of the engine 80. A piston reciprocates within each cylinder of the engine 80. 
The pistons drive an output shaft 84 as the reciprocate. A connecting rod links the 
corresponding piston to a crankshaft of the engine 80, which is drivingly connected to the 
output shaft. The corresponding cylinder bore, piston and cylinder head of each cylinder 
forms a variable volume chamber, which at a minimum volume defines a combustion 
chamber. 

[0035] The crankshaft desirably is journaled within a crankcase that, in one 
embodiment, is formed between a crankcase member and a lower end of the cylinder 
block. Where the engine 80 is a two-stroke engine, individual crankcase chambers of the 
engine 80 are formed within the crankcase by dividing walls and sealing disks, and are 
sealed from one another with each crankcase chamber communicating with a dedicated 
variable volume chamber. 

[0036] The engine 80 includes an air induction system to provide air to the 
combustion chambers of the engine 80. An intake silencer (not shown) is connected to a 
plenum chamber (not shown) through a conduit. The plenum chamber communicates 
with the combustion chambers through at least one intake passage 86. Desirably, each 
combustion chamber of the engine communicates with the plenum chamber through a 
dedicated intake passage 86. 

[0037] The engine 80 also includes a power request system for allowing an 
operator to input a power request. The power request system receives the request and 
controls the engine to provide a power output based on the request. For example, the 
induction system can include a system for controlling an amount of air flowing into the 
engine 80. One example of the power request system is a throttle actuator mechanism. 
The throttle actuator mechanism can include, but is not limited to an operator power 
request device, an engine throttling device, and a communication between the operator 
power request device and the engine throttling device. Examples of embodiments of the 
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various parts that make up the throttle actuator mechanism will be explained below in 
greater detail. 

[0038] Many known systems exist for controlling the amount of induction air 

i 

flowing into an engine. For example, the induction system can include a throttle body 
assembly 88 having a throttle valve 90 configured to control or "meter" an amount of air 
flowing through the induction system into the engine 80. Different types of throttling 
mechanisms are possible such as, but not limited to a butterfly valve, a knife valve, or a 
sliding valve, etc. Where the engine 80 operates on a four-stroke principle, the engine 80 
can include variable intake valve timing and/or duration. Such valves can work in 
cooperation with a throttle body assembly to control an amount of air flowing into the 
engine. Alternatively, such a valve system can be configured to control the air amount 
without a throttle body. Such systems can receive a power request input from the operator 
through direct mechanical; connection or through electronic communication. The 
throttling mechanism can be controlled by an electric motor either through a direct 
connection or through a remote connection. One embodiment of an operation of the 
throttle body 88 will be explained in greater detail below. 

[0039] The engine 80 also includes an exhaust system to transfer exhaust 
gases from the combustion chambers to a location outside of the engine compartment 72. 
The exhaust gases can be discharged into or just above the body of water in which the 
watercraft 30 is operating. An exhaust passage (not shown) communicates with each 
combustion chamber and extends toward a rearward end of the watercraft 30 and 
terminates in a water trap (not shown). An exhaust pipe (not shown) extends from the 
water trap and can open into a jet propulsion unit 100 of the watercraft 30. The water trap 
inhibits water from moving upstream from the exhaust pipe to the exhaust passage and, 
thus, inhibits water from entering the combustion chambers of the engine 80. 

[0040] Those skilled in the art will readily appreciate that the present reverse 
thrust system and the throttle control system can be used with any of a variety of engine 
types, such as those that operate on two-cycle, four-cycle, diesel or rotary combustion 
principles, as well as electric motors, etc. Additionally, the engines may have varying 
number of cylinders and varying cylinder arrangements, such as, for example, an inline, 
opposing, V-type or W-type arrangement. 

[0041] A charge former (e.g., a carburetor or a fuel injector) of the induction 
system communicates with an inlet end of the intake passage. The charge former receives 
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fuel from the fuel tank and produces the fuel charge which is delivered to the cylinders in 
a known manner. Alternatively, fuel can be supplied directly into the combustion 
chamber rather than through the induction system. Because additional internal details of 

i 

the engine 80 and the; induction and exhaust systems desirably are conventional, a further 
description of the engine construction is not believed necessary to understand and practice 
the embodiments of the present invention. 

[0042] The jet propulsion unit 100 propels the watercraft 30. The jet 
propulsion unit 100 is disposed within the tunnel 78 formed on the underside of the lower 
hull section 56. An intake duct 98 of the jet propulsion unit 100 defines an inlet opening 
that permits water to enter the jet propulsion unit 100. The inlet opening opens into a 
gullet that leads to an impeller housing assembly 102 in which an impeller 103 of the jet 
propulsion unit 100 rotates. 

[0043] The impeller housing assembly 1 02 also acts a pressurization chamber 
and delivers a water flow to a discharge nozzle 104. A steering nozzle 106 in the 
illustrated embodiment is supported by bolts 109 (Figure 3) at the downstream end of the 
discharge nozzle 104 for rotation about a generally vertical axis. 

[0044] In an exemplary embodiment, the steering nozzle 106 surrounds the 
discharge nozzle 104. The steering nozzle 106 is coupled to a handlebar shaft 105, 
through, for example, a bowden-wire actuator 107, which has a well known construction 
in the art. In this manner, the operator of the watercraft 30 can move the steering nozzle 
106 to effect directional changes of the watercraft 30. 

[0045] An impeller shaft 108 supports the impeller within the impeller 
housing assembly 102 of the jet propulsion unit 100. The impeller shaft 108 extends in a 
forward direction through a front wall of the tunnel 78. The front end of the impeller 
shaft 108 is coupled to the output shaft 84 of the engine 80 through a coupling 110. In 
this manner, the engine 80 drives the propulsion unit 100. It is to be noted that the 
impeller shaft 108 can be formed with a single shaft, or from a plurality of shafts rotatably 
connected together. 

[0046] The watercraft 30 can operate in various modes. For example, when 
the watercraft is operating at a low speed, the watercraft assumes a displacement 
operational mode where the lower hull section 56 plows through water displacing the 
water to either side of the lower hull section 56. A planing mode is when the watercraft is 
traveling at sufficiently high speeds, it glides or planes over top of the body of water. The 



reduction in surface area of the lower hull section 56 touching the water during the 
planing mode allows the watercraft to travel at an increased speed. A transition mode 
occurs when the watercraft transitions between the displacement mode and the planing 
mode during acceleration or deceleration. 

[0047] As illustrated in Figure 2, a throttle lever 112 can be disposed on the 
right-hand side of the handlebar assembly 68 adjacent to a handgrip 1 14 and is actuated 
by the right-hand of an operator of the watercraft 30. The throttle lever 112 actuates a 
speed control of the engine 80 through controlling an amount of air and/or and amount of 
fuel delivered to the engine. In an embodiment of the present invention the throttle lever 
112 is moved in a direction illustrated by an arrow 118. The movement of the throttle 
lever 112 moves a throttle cable 120 positioned inside a protective sheathing 122 that 
transfers the motion of the throttle lever 112 to the throttle valve 90. As illustrated in 
Figure 2, a rotational movement of a throttle valve shaft 124 rotates the throttle valve 90 
axially between an open position and a closed position. The throttle cable 120 
advantageously transfers motion to the throttle valve shaft 124 allowing the throttle valve 
90 to open proportionally to the motion of the throttle lever 1 12. The throttle cable 120 
rotated the throttle valve shaft 124 through a disk 128 against the force of a spring 130. 
The spring 130 assures that the throttle valve shaft 124 and therefore the throttle valve 90 
will return to a resting position when the operator releases the throttle lever 112. 

[0048] An operational control device 132 including a control lever 134 is 
located adjacent to the throttle lever 1 12 and can control the resting position of the throttle 
lever 1 12 and therefore the idling speed of the engine 80. The control lever 134 can have 
multiple positions, for example, at least two positions: a low engine idle position and a 
high idle position. The control lever thus establishes two different idle speeds for the 
engine 80. A predetermined lower engine idle speed allows the operator of the watercraft 
30 to maneuver the watercraft in environments where slower movement is desired, such 
as when approaching a dock or a beach. 

[0049] A predetermined higher engine idle speed produces more water flow 
through the discharge nozzle 104, hence producing more thrust, to assist turning the 
watercraft 30 more sharply than the watercraft would turn under the thrust produced at the 
predetermined lower engine idle speed. 

[0050] The operational control mechanism 132 comprises the control lever 
134, the spring 130, and a housing 138. The housing 138 allows the control lever to move 
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through a predetermined motion within a slot 140 (Figure 2a). At one end of the slot 140 
there is a locking recess 142 that locks the control lever 134 in a high engine idle speed 
position 144. When the operator chooses to manually move the control lever 134 to a low 
engine idle speed position 148, the control lever 134 can be moved from the locking 
recess 142 to the control lever low engine idle speed position 148 under the bias of the 
throttle actuator mechanism. The throttle lever 112 holds the control lever 134 in the low 
engine idle speed position 148 until the throttle lever 1 12 is moved above a high engine 
idle speed position 150. When the throttle 1 12 is moved above the high engine idle speed 
position 150, the control lever 134 can be moved under the force of the spring 130 into 
the locking recess 142, i.e. the control lever 134 is persuaded by the spring 130 to move to 
the high engine idle speed position 144. 

[0051] When the control lever 134 is in the low engine speed position 148, the 
control lever 134 allows the throttle lever 112 to rest at a low idle engine speed position 
152, which therefore allows the throttle valve 90 to rest at a predetermined low engine 
idle speed position 1 54. 

[0052] When the control lever 134 is in the high engine idle speed position 
144 the control lever 134 allows the throttle lever 1 12 to rest at the high idle engine speed 
position 150, which therefore allows the throttle valve 90 to rest at a predetermined high 
engine idle speed position 156. 

[0053] In another embodiment, the control lever 134 can mechanically actuate 
a device or mechanism that either increases or decreases engine speed independently of 
the throttle lever 1 12, by varying the amount of air inducted, the amount of fuel supplied 
and/or ignition timing. For example, the control lever 134 can actuate an auxiliary air 
bypass valve independently of the throttle valve 112 to allow more or less air into the 
engine depending on which engine idle speed is desired by the operator. Alternatively, 
the control lever 134 can operate the throttle valve independently of the throttle lever by 
cooperating with another component of the throttle actuator mechanism or with another 
actuator mechanism coupled to the throttle valve in parallel with the primary throttle 
actuator system. 

[0054] The engine idle speed can also be controlled by an electronic control 
unit 153 (e.g. ECU). Various sensors such as, but not limited to, a throttle position 
sensor, an engine speed sensor, an engine temperature sensor, an intake air mass sensor, 
etc., can communicate with the ECU 153 to allow the ECU 153 to accurately control the 



engine speed. The operator can activate an idle speed switch that can signal to the ECU 
153 which idle speed the operator desires. The switch can be multi-positioned or variably 
adjustable by the operator. The ECU 153 can then control the engine depending on which 
engine idle speed is desired by the operator. The engine speed control by the ECU 153 
can be accomplished many known ways including, but not limited to controlling the 
throttle actuator, an auxiliary air bypass valve, fuel injection amount and timing, ignition 
timing, camshaft timing adjustment and combinations thereof. One advantage of using 
the ECU 1 53 to control the throttle actuator, the auxiliary air bypass valve, fuel injection 
amount and timing, and camshaft timing adjustment is that the ECU 153 can also control 
the engine speed during a shifting operation. 

[0055] The above-described operational control device 132 can allow the 
operator to easily choose manually between a low engine idle speed, which allows for 
slow-speed maneuverability around docks and near beaches, and a high idle engine speed, 
which allows for tighter turning when the throttle lever is released in comparison to the 
turning radius available at a lower engine idle speed. The ECU 1 53 can also control the 
engine idle speed through, for example, but not limited to an auxiliary air bypass valve 
such as the type disclosed above. Additionally the auxiliary air bypass system can also be 
used separately from the manually operated control mechanism 132. 

[0056] In the embodiment, during a shifting operation, the ECU 153 can lower 
the engine idle speed to allow the operator to comfortably operate the watercraft 30 
between a neutral and forward or a neutral and reverse operation. When the operator has 
finished performing a shifting operation, the ECU 153 can raise the engine idle to increase 
idling thrust. A throttle position sensor (not shown) allows the ECU to determine the 
position of the throttle and therefore the position of the control lever 134. 

[0057] With reference to Figure 3, the reverse thrust arrangement 52 and a 
reverse thrust control mechanism 164 are shown. A reverse thrust control lever 166 
rotates within a support piece 168 and is fastened to a transmission shaft 170. When the 
reverse thrust control lever 166 is rotated, the transmission shaft 170 communicates the 
rotational force to an actuation lever 174. The actuation lever 174 communicates the 
force originating from the reverse thrust control lever 166 through, for example, a reverse 
thrust bowden-wire actuator 176, as is known in the art. The reverse thrust bowden wire 
actuator 176 moves with a water diverter bucket assembly, or thrust bucket 178. 
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[0058] In the illustrated embodiment, the water diverter bucket or thrust 
bucket 178 is pivotally supported on a pair of pins 180 adjacent the steering nozzle 106 of 
the jet propulsion unit 100. The thrust bucket 178 is movable between an open position, 
wherein the thrust bucket 178 does not substantially interfere with a water jet issuing from 
the steering nozzle 106, to a fully closed position, wherein the thrust bucket 178 can 
redirect at least a portion of the water jet issuing from the steering nozzle 106 in a 
generally forward direction to produce a reverse thrust. 

[0059] In the illustrated embodiment, the thrust bucket 178 comprises a single 
member which is pivotal about a horizontal axis to move from a raised position to a 
lowered position. However, other reverse thrust bucket arrangement are also possible, 
such as a pair of thrust bucket members supported on each side of the steering nozzle 1 06 
mounted to pivot about a vertical axis from an open position to a closed position. 

[0060] In the illustrated embodiment, the thrust bucket 178 is hinged to the 
steering nozzle 106 through the pins 180 allowing the thrust bucket 178 to move in an 
upward/downward rotating motion. The steering nozzle 106 in the illustrated 
embodiment includes two discharge paths: through a steering nozzle opening 194 and 
through a reverse nozzle 206. The steering nozzle opening 194 can be located directly 
behind the effluent opening of the discharge nozzle 104, i.e., the opening 194 generally is 
concentrically positioned about a flow axis through the discharge nozzle 104. The reverse 
nozzle 206 can be positioned next to and generally in front of the steering nozzle opening 
194 and, in the illustrated embodiment, is disposed on the lower side of the steering 
nozzle 106. The reverse nozzle 206 in the illustrated embodiment has a smaller cross- 
sectional flow area size than that of the steering nozzle opening 194. 

[0061] The various upward/downward positions of the thrust bucket 178 
diverge at least some water to flow in a rearward direction, a forward direction, or a 
combination of directions. Depending on the position of the thrust bucket 178 the water 
flow travels through a steering nozzle opening 194, a reverse nozzle 206, or a 
combination of both outlets 194, 206. The various positions of the thrust bucket 178 and 
the direction of water flow will be described in greater detail below. 

[0062] With reference to Figures 3 and 4a, the thrust bucket 178 can be in an 
uppermost position 186 above the steering nozzle 106. An upper surface 188, side 
surfaces 190, and a lower surface 192 together form an inner passageway that guides the 
water flow through the steering nozzle opening 194 of the steering nozzle 106. When the 
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thrust bucket 178 is in the uppermost position 186 above the steering nozzle 106, at least 
a substantial portion of the water exiting from the steering nozzle 106 flows in a rearward 

direction 200, thereby propelling the watercraft 30 in a forward direction. , 

> 

[0063] As shown in Figures 3 and 4b, the thrust bucket 178 can be moved into 
a middle or "neutral" position 202 that partially covers the steering nozzle opening 194 of 
the steering nozzle 106. When the thrust bucket 178 is in the neutral position 202, a 
portion of the water is propelled from the steering nozzle 106 in a rearward direction 204 
and a portion of the water is diverted by a thrust bucket inner surface 196 and flows 
through the reverse nozzle 206 of the steering nozzle 106. The water flowing through the 
reverse nozzle 206 flows in a forward direction 208. A guide portion 212 and an inner 
nozzle surface 214 of a guide portion 216 guide the water flow in the forward direction 
204. As a result of the generally balanced thrusts in opposite directions (forward and 
reverse), the watercraft 30 remains generally stationary on the water when the thrust 
bucket 178 is in the position 202 that partially covers the steering nozzle 106. 

[0064] As shown in Figures 3 and 4c, the thrust bucket 178 can be moved into 
a position 218 that completely covers the steering nozzle 106. When the thrust bucket 
178 is in the position 218 that completely covers the steering nozzle 106, substantially all 
the water exiting from the discharge nozzle 104 can flow through the reverse nozzle 206 
in the forward direction 208 thereby propelling the watercraft 30 in a rearward direction. 

[0065] Therefore, the thrust bucket 178 can be in the position above the 
steering nozzle 104 to propel the watercraft 30 forward (a forward position). The thrust 
bucket 178 can also be in a position that partially covers the discharge nozzle 104 (a 
neutral position) and another thrust bucket position completely covers the discharge 
nozzle 104 to propel the watercraft 30 rearward (a reverse position). The operator of the 
watercraft 30 can move the reverse thrust control lever 166 to effect the forward and 
reverse directions of the watercraft 30 as well as to effect a neutral operating condition. 

[0066] The position of the transmission shaft 1 70 and therefore the position of 
the reverse thrust control lever 166 can be monitored by a neutral switch 222. The neutral 
switch 222 determines when the transmission shaft 1 70 and therefore the thrust bucket 
178 is in the neutral position 202. The neutral switch 222 can relay to the ECU 153 if the 
thrust bucket 178 is in the neutral position 202, or the neutral switch 222 can directly 
interrupt the electrical connection between a start switch (not shown) and a starter (not 
shown). In the illustrated embodiment, the operator therefore cannot start the engine 80 
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unless the thrust bucket 178 is in the neutral position 202. The neutral switch 222 can be 
a micro switch or any variety of switch as known by someone familiar in the art. The 
neutral switch 222 can positioned in different locations and detect the position of various 

i 

other components besides the position of the transmission shaft to determined when the 
thrust bucket 178 is in the neutral position. 

: [0067] The thrust bucket position can also be established by the ECU 153 
through an actuator (not shown) depending on a position of a watercraft direction switch 
(not shown). For example, the operator can move the switch between forward, neutral, 
and reverse positions and the ECU 153 can signal the actuator to move the thrust bucket 
178 into one of its positions that corresponds to the selected switch position. 

[0068] With reference to Figure 5, a control routine 280 is shown that is 
arranged and configured in accordance with certain features, aspects, and advantages of 
the present invention. The control routine 280 illustrates an example of watercraft idle 
speed control. 

[0069] The control routine 280 begins at an operation block P10. In operation 
block P10, the watercraft is operating in a planing mode. The control routine 280 then 
moves to an operation block PI 2. 

. [0070] In operation block PI 2, the operator of the watercraft releases the 
throttle lever i.e., the throttle closes. The control routine 280 then moves to an operation 
block PI 4. 

[0071] In operation block PI 4, the control routine 280 maintains a sufficient 
thrust level to allow for tighter turning of the watercraft than at lower thrust levels. The 
control routine 280 then proceeds to an operation block PI 6. 

[0072] In operation block PI 6, the operator of the watercraft steers the 
watercraft. The control routine 280 then moves to an operation block PI 8 where the 
watercraft maintains a higher thrust than at a lower idle speed. 

[0073] With reference to Figure 6, another control routine 300 is shown that is 
arranged and configured in accordance with certain features, aspects and advantages of 
another embodiment of the present invention. The control routine 300 begins and moves 
to an operation block P20, where an engine starting operation commences. An engine 
starting operation can be defined as the operator activating a starter button or switch. The 
control routine 300 then moves to a decision block P22. 
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[0074] In decision block P22, it is determined if the reverse thrust control 
lever is in a neutral position. In decision block P22, if it is determined that the reverse 
thrust control lever is not in a neutral position, the control routine, 300 moves to an 
operation block P24 where the ECU does not allow the engine to be started. In two 
exemplary embodiments, the neutral switch 222 can relay to the ECU if the thrust bucket 
is in the neutral position, or the neutral switch 222 can directly interrupt the electrical 
connection between the start switch and the starter. Therefore, the operator cannot start 
the engine unless the thrust bucket is in the neutral position. The control routine 300 then 
returns to the operation block P20. 

[0075] However, if at decision block P22 it is determined that the reverse 
control lever is in neutral, the control routine 300 moves to an operation block P26 where 
the control routine 300 allows the engine to be started. A control routine 300 then moves 
to an operation block P28. 

[0076] At operation block P28, after the engine is started, the idle speed can 
be increased from a low idle speed to a high idle speed according to the manual control of 
the operator. During starting of the illustrated embodiment of the watercraft, the 
watercraft does not significantly move when the high engine idle is applied. The control 
routine 300 then moves to an operation block P30. 

[0077] At operation block P30, the control routine lowers the engine idle 
speed from the high idle speed to a low idle speed during a shifting operation. The lower 
engine speed during shifting allows the operator to shift the thrust bucket smoothly from 
the neutral position to either the forward position or a reverse position. The control 
routine 300 then moves to an operation block P32. 

[0078] At operation block P32, the control routine 300 maintains the high 
engine idle position once the operator controls the watercraft to exceed the predetermined 
high idle speed. The high engine idle speed can be maintained through the control lever 
134 or by the ECU 153. The high engine idle provides an increased thrust for assisting 
steering even when the operator has released the throttle lever while decelerating from a 
planing speed. The control routine 300 then moves to an operation block P34. 

[0079] In operation block P34, the watercraft turns even though the operator 
has released the throttle. The control routine 300 then moves to a decision block P36. 

[0080] In decision block P36, the control routine 300 determines if the control 
lever 134 is operated manually by the operator to lower the engine idle speed. In decision 
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block P36, if the control lever is not operated manually to lower the engine idle speed, the 
control routine 300 returns to the operation block P32. If, however, in decision block P36 
it is determined that the control lever is operated manually to lower the engine idle speed, 
the control routine 300 then moves to an operation block P38. 

[0081] In operation block P38, the engine idle speed is set to the low engine 
idlb speed. The control routine then moves to a decision block P40. 

[0082] In decision block P40, it is determined if the throttle position is less 
than the high engine idle throttle position (e.g. by the TPS sensor). If in decision block 
P40 it is determined that the throttle position is not less than the high engine idle throttle 
position, the control routine 300 returns to the operation block P32. If, however, in 
decision block P40, it is determined that the throttle position is less than the high engine 
idle throttle position, the control routine 300 returns to the operation block P38. 

[0083] Although this invention has been disclosed in the context of certain 
embodiments and examples, it will be understood by those skilled in the art that the present 
invention extends beyond the specifically disclosed embodiments to other alternative 
embodiments and/or uses of the invention and obvious modifications and equivalents 
thereof. In particular, while the present watercraft operational control device has been 
described in the context of particular embodiments, the skilled artisan will appreciate, in 
view of the present disclosure, that certain advantages, features and aspects of the device 
may be realized in a variety of other applications, many of which have been noted above. 
Several aspects of the invention can also be used with steering nozzles and reverse thrust 
buckets having other configurations than that described above. Additionally, it is 
contemplated that various aspects and features of the invention described can be practiced 
separately, combined together, or substituted for one another, and that a variety of 
combination and sub-combinations of the features and aspects can be made and still fall 
within the scope of the invention. Thus, it is intended that the scope of the present 
invention herein disclosed should not be limited by the particular disclosed embodiments 
described above, but should be determined only by a fair reading of the claims. 
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